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0) Capture and Taper

As in Study 2, but cut off for transport fields less than 1.25 T

len1 gap dl rad dr I/A n I n I l

m m m m m A/mm2 A A m

0.520 0.520 0.103 0.075 0.051 45.00 0.24 0.15

0.520 -.103 0.475 0.126 0.027 48.80 0.63 0.55

0.520 -.475 0.616 0.153 0.064 36.40 1.44 1.67

0.520 -.616 0.755 0.217 0.083 23.50 1.47 2.39

0.245 -1.030 0.882 0.400 0.320 46.60 13.15 46.28

1.177 0.050 0.517 0.400 0.232 47.70 5.72 18.55

1.744 0.050 0.485 0.522 0.190 48.40 4.46 17.29

2.279 0.050 0.710 0.692 0.143 50.10 5.09 24.40

3.039 0.050 0.959 0.919 0.102 52.20 5.11 31.12

4.048 0.050 1.465 1.260 0.085 53.50 6.66 54.52

5.563 0.050 3.153 1.500 0.047 59.10 8.76 83.84

8.766 0.050 4.707 1.500 0.023 73.70 7.98 75.78

13.523 0.050 6.700 1.500 0.013 77.74 6.77 64.09

20.273 0.050 6.700 1.500 0.013 77.74 6.77 64.09
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1) Pre-Cooler

Design Criteria

• Greater acceptance than Study-2

accept all muons in Neuffer Channel (2T and r=30 cm)

• But higher beta functions

→ higher final emittance

• Solid Absorbers (LiH or Li)

• Simple Lattice with no coils outside RF

Full Cell Length=1.5 m

len1 gap dl rad dr I/A n I n I l

m m m m m A/mm2 A A m

0.30 0.300 0.150 0.350 0.150 106.67 2.40 6.41

1.05 0.300 0.150 0.350 0.150 -106.67 2.40 6.41
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Fig 2: a) Betas at center of rf vs. momentum; b) Phase advances per cell vs.

momentum.

• Very Large Momentum acceptance (80 MeV/c to infinity)

• Small phase advance per cell over range used (150-250 MeV/c)

• avoids even 1/4 tune resonance → Large dynamic aperture
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• Since beta is almost constant, does not matter where absorber located

• Combine RF windows with absorbers
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• No difference between LiH and H2 before 50 m

• 50 m being what we can afford (1/2 Study 2)

• The fields in the lattice could be increased with length, but not needed.
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2) Neuffer Phase Rotator

• 100 m drift (try to reduce dp/p)

• 50 m buncher Grad = (2 + 10 ∗ (
l

50

)2
MV/m

• 50 m phase rotation with 12 MV/m

• 2T 30 cm rad channel
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Match to Pre-Cooler Channel
len1 gap dl rad dr I/A n I n I l

m m m m m A/mm2 A A m

0.000 0.000 1.500 0.350 0.150 10.72 2.41 6.44 End of contin solenoid

1.500 0.000 1.500 0.350 0.150 10.72 2.41 6.44

3.000 0.000 1.500 0.350 0.150 10.72 2.41 6.44 Match

4.500 0.000 1.500 0.350 0.150 10.72 2.41 6.44

6.397 0.397 0.150 0.350 0.150 74.60 1.68 4.48

7.147 0.600 0.150 0.350 0.150 -106.67 2.40 6.41

7.897 0.600 0.150 0.350 0.150 106.67 2.40 6.41

8.647 0.600 0.150 0.350 0.150 -106.67 2.40 6.41 Regular Cooling Lattice

9.397 0.600 0.150 0.350 0.150 106.67 2.40 6.41

10.147 0.600 0.150 0.350 0.150 -106.67 2.40 6.41

10.897 0.600 0.150 0.350 0.150 106.67 2.40 6.41

11.647 0.600 0.150 0.350 0.150 -106.67 2.40 6.41
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Beta vs distance through Match
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• Match needs improvement
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Full Simulation

83 110.72 End of drift
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357 315.49 100 m of cooling
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Muons per proton
m
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/
p

length (m)
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Emittance

length (m)
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Required Beam apertures

Varying the apertures of all elements in drift, Rotation, and cooling
m

u
/
p

aperture radii (cm)

10 20 30 40

0.00

0.05

0.10

0.15

0.20

0.25

after 50 m cooling

after 100 m cooling

Study 2

• Clearly apertures should be 25 , or eve 20 cm rather than 30 cm

• This will substantially reduce coil costs

• Alternatively, we can reduce magnetic fields

• Lowering the field will reduce amplitude-energy correlations and should

improve performance
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Best Solenoid Field

Varying Solenoid Field, length of taper and match

Keeping aperture fixed at 30 cm rad

m
u
/
p

1.25 1.50 1.75 2.00 2.25

0.10

0.15

0.20

0.25

50 m cooling

100 m cooling

• 1.75 T prefered
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Conclusion

If

• Acceleration has 30 pi mm transverse acceptance and 150 pi
mm longitudinal, then

• This Neuffer Phase Rotator (somewhat longer than David’s)

• 50 m Pre-cooler

Then

• mu/p for each sign (0.20) is about 1.2 times Study 2

• And we have both signs

• i.e. effectively 2.4 times Study 2

• Cost of Rotation & cooling should be less than 50% Study 2

But Note

• Some of this will be lost with FFAG’s that will have more
decay losses than the RLA

• No Be windows in bunching and rotation, when in will further
reduce performance
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To Be Done

1. Add Be windows to buncher and rotator

2. Optimize

3. Try bending the cooling lattice to get some emittance ex-
change

4. Design initial acceleration with 30 pi mm acceptance
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